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Abstract
Analyzing Magnet IRIS ECR
lon Source

MeV °He" beam from the LBNL 88” Cyclotron via the
reaction “C(He,n)'0. In order to minimize the
background radiation for the planned experiment,*{de
atoms must be separated from the other radioactive
isotopes produced in the carbon target and implanted into
a thin carbon foil.
For this purpose, we have developed an experimental
set-up including the target, a transfer line, an ion source,

and a low energy ion beam transport line. The maior "~ 1Meter
components of this set-up are described. The release Figure 1. Schematic of the new exotic ion beam test stand
transport efficiency for the CO molecules from the tarc and the"O experiment.

through the transfer line was measured for various tar

temperatures. Experimental results of ionizatic..

efficiencies for carbon and oxygen using a multicusp af@Mnects the target chamber to an ECR ion source through
an ECR ion source are presented a turbo molecular pumping stage. Thus, the turbo pump

separates the target vacuum chamber from the ion source.
The gas coming from the turbo pump is fed into the ion
1 INTRODUCTION source and ionized, extracted at energies of 20 to 3Q keV
and mass separated. To achieve a small sample size for
the beta spectrometer, it is planned to implant‘@eions
At the Lawrence Berkeley National Laboratory we havg, a 2 mm spot on a thin carbon foil. This sample will
commissioned an ion source test stand for radioactive igien be transferred to the beta-spectrometer. The three
beam development [1] (see figure 1). The primary goal gfajor experimental requirements for the ion source are:
this test stand is the on-line production of@’ ion beam 1.To achieve the necessar% particle current of
to measure the shape of tH@ beta-decay. Th&O half- 1-210 pps at the implant target, the ion source

life of 70 seconds requires producing the isotope on-line at should be able to provide 10 % ionization efficiency
the 88” Cyclotron.”0 is generated in the form of COina  for “O'.

high temperature carbon target using a 20 Nié®' beam 2. At the estimated implantation rate of @@ pps the
from the LBNL 88" Cyclotron via the reaction  expected continuous run of the experiment will be at
“C(He,n)O. least 150 hours. Therefore, the ion source should
The “O atoms must be then separated from the other continuously operate for at least 200 hours.

radioactive isotopes produced in the carbon target agdrhe gas hold up time in the ion source must be less than

implanted into a thin carbon foil in order to: one®0 half-life.

+  minimize the radiation background In order to fulfill these demands, a RF multicusp ion

« maximize the signal in the beta spectrometer byource [2] and the AECR-U [3] were tested off-line with
concentrating thEO sample size. respect to ionization efficiency and gas hold-up times.

For this purpose, an 8 m stainless steel transfer limde presented efficiencies Table 1 and 2 quote the overall
system efficiencies (ion source and transport line).
Because the experimental requirements could not be met
with the cusp source and because of the promising results
measured on the AECR-U, the cusp ion source has been
replaced by the compact IRIS ECR ion source.
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wide range of extraction voltages and current densities
(3mA/cnt to 60 mA/cmi, corresponding to a total
extracted current of 10Qu& to 2 emA), as verified
experimentally. The extraction system and the two einzel
lenses are mounted on a single flange to ensure a proper
alignment.

2 EXPERIMENTAL SETUP

2.1 Hot Carbon Target

An al carbon target was constructed using a high porosity
carbon material[1]. The target is resistively heated and
bolted to water-cooled copper electrodes. Graphite and
boron nitride heat shields were then added concentrically
around the target.

At 1720 °C and 2 pA cyclotron beam current on the
target 3010"pps of “O have been measured at the exit of
the turbo pump (at the entrance to the ion source). Figure
2 shows the production rate as a function of target
temperature. Therefore at 20 A primary beam current a
production rate of 3[10°pps of O can be expected.

Using the assumed thick target production rate of
2010°pps/uA, an efficiency of 7.5 % for this target set-up
has been achieved.

3 OFF-LINE ION SOURCE TESTS

3.1 Multicusp lon Source

A detailed description of the RF driven multicusp ion
source used in this study, together with its basic
characteristics can be found elsewhere [2]. The main
concerns with this type of ion source with respect to the
production of radioactive ion beams are the relative high
operation pressure as well as the reliability of the ion
source.

lonization efficiencies were measured off-line for singly
charged argon, oxygen, carbon, and carbon monoxide ions

35107 o using calibrated leaks. The maximum ionization
; s s efficiencies for all measured species are summarized in
310" - 2 1A 20 MevTHe ——1 Table 1. The experimental gas hold up time is described
25107 [ ] by the exponential fit Bxp(-th,,)+BExp(-th,,). The
- S fast component describes the holdup time of the ions in
g 210 g e ] the plasma, the slow component is related to the wall
O 15 10' | ] sticking time. The signal drops to about 70 % within the
110" F —e = ] timeTt,,.
r —
510° e ] Table 1: lonization efficiencies and hold up times for
T Lo singly charged oxygen and carbon produced by

0 1
1000~ 1200 1400 1600 1800 RF driven cusp ion source.
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Figure 2: Production rate as a function of target
temperature as measured at the end of the
transport line.

calibrated leaks

ion | CO T O, T. Ar T
% (5€C) | o5 (sec)| % (sec

2.2 Beamt-line Layout
ot | 0.7 42| 07 36

The ion beam transport line has been designed around an
existing double focusing 90°sector magnet from the <+ |33 13
former HILAC injector line at LBNL. It has a bending
radius of 54 cm, edge angles of 30 degrees, and a gagot | 1 17
width of 3.8 cm. The horizontal waist is located abou
43 cm downstream from the vertical waist. Therefore, the aAr+ 26.3 6
ion beam has an elliptical shape after the sector magn

An addmgnal focusing elemgnt will be neeqled 10 aChIe‘ﬁ/hereas a promising ionization efficiency of up to 26.3%
Fhe requwgd beam spot size Of. 2mm diameter at t%'ﬁd a gas hold-up time of 6 seconds have been measured
|mplant foil. The 30 kv extra(?tlon sy;tem and th or argon, the ionization efficiencies for C@nd O are
following electrostatic transport line consist of an accel- uch lower. With the cusp source the best efficiencies
decel extraction system and two sets of einzel lensesa!:thieved have been 1 % for CO.7 % for O and 0.33 %

was optimized W'.th the ion trajectory c.ode'IGUN [“ltor c". In general rather long ion hold-up times have been
The use of two einzel lenses allows limited independepf ... ed the longest has been measured-for O
control over both beam size and divergence at the magnet ’

entrance. Therefore, the ion optics can be adjusted over a

~—t
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The discrepancy between the argon efficiencies and the
carbon or oxygen efficiencies may be explained by the
differences in the plasma wall sticking probabilities.
Noble gases can be recycled into the plasma, explaining
the high efficiency for argon. On the contrary, carbon and
oxygen tend to stick at the plasma chamber wall, leading
to low source efficiencies in the cusp ion source.

The average ion source lifetime for the above mentioned
performance tests was about 15 hours, limited by the
failure of the porcelain-coated copper antenna.

3.2 AECR-U lon Source

A detailed description of the AECR-U ion source
(Advanced Electron Cyclotron Resonance-upgrade) can
be found elsewhere [3]. The source is optimized for
production of high charge state ions. lonization
efficiencies and gas hold-up times for high charge state
ions have been measured with the LBNL AECR-U ion
source for various gases [5].

Listed in Table 2 are the ionization efficiencies and decay
times of various high charge state ion beams from CO,
CO2 and Op. These gases may react with or stick to the
plasma chamber surface made of aluminum. Nevertheless
efficiencies of up to 25% were achieved for c4*, 33% for
06* and more than 10% for C°* and O°*. The shortest
gas hold up time has been measured for ions produced
from CO, which behaves as a noble gas prior to
dissociation.

Table 2: lonization efficiencies and hold up times for
selected charge states of oxygen and carbon
produced by the LBNL AECR-U ion source.

calibrated leaks
ion | CO T COo, T, o, T,
% (50) | 9% (se0)| % (se0)
03+ 3.9
o** 8
OS5 | 115 32 | 125 1.3 47
of*| 263 32 | 33 71 | 160
o+ | 75 32 |74 5.6
CH | 237 29 | 234 56
co* 29 | 154

4 IRISECR ION SOURCE

A compact ECR ion source IRIS (lon source for
Radioactive |Sotopes) shown in Figure 3, has been
installed on the radioactive ion beam test stand, replacing
the multicusp ion source. An existing 2.45 GHz ECR ion
source [6] was upgraded for 6.4 GHz microwave
operation. The mirror field was improved to reach a
maximum field of 0.7 Teda at the injection and 0.4 Tesla
at the extraction. At the plasma chamber-wall the sextu-
pole-field strength reaches 0.32 Tesla.

The ion source consists of one plasma stage only. The
microwaves are launched through an off-axis wave-guide
terminated at a bias plate in the injection region. The
auminum plasma chamber has a diameter of 13.5 cm and
the mirror length is 28.3 cm, providing a relatively large
plasmavolume of 5 liters. The plasma chamber is double-
walled to accommodate cooling water.

IRIS is expected to start operation in the beginning of
April.
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Figure 3: An elevation view of the IRIS ECR ion source.
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